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Limit analysis approach for stability of embankments on homogeneous soft soil
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Abstract: The stability analysis is performed for the embankments founded on the ground of a homogeneous soft soil. The soft
soil is assumed to fail along an arc-shaped surface. The undrained shear strength of ground soil is considered to increase
linearly with depth. The embankment material is assumed to fail along a log-spiral surface. The cohesion and internal friction
angle parameters are adopted for describing the shear strength of embankment soil. An approach for the stability analysis is thus
derived by using the upper-bound theorem. It can be used to calculate the non-dimensional stability numbers and stability charts
for the determination of the minimum factor of safety and the critical slip surface of embankment. A case study is carried out by
using the proposed approach. The calculated minimum factor of safety satisfies the measured failure condition. A good
agreement is also obtained between the minimum factor of safety and the critical slip surface calculated using the proposed
approach and those calculated using the slice approach and the variational approach of limit-equilibrium analysis
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Fig. 1 Model for embankment stability analysis
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Fig. 2 Stability charts of examples
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Table 1 Comparison of minimum factors of safety
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1.0 20 0.1753 1.00 1.00 0.97 0.96
1.0 40 0.1506 1.00 1.00 0.90 0.93
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Fig. 4 Stability charts of case history

4 &% B

COME I 2 AMEAE L3RR 1A TALZR0 504
HE, 5 B 5 4 W BT A 4 S R B SPA E f
AR, LRI R RIS R LRI, A

AR B BN 4 RBUS FE _E H N 10AE 5 B R
PRI AR R sE R 8L IR shi S
AR ok P 1A AR 0 BR T frv AE A5 0  Ifs S Sl
RV, BAIE T A SCITVEI3E

(2) 5 %558 VoA 52 J4 1738 53 W B P i o R 1 B
(19 2% 73 W BRP v Al b, A ST 9B AR PR 43 A7 592 B
R T EIRH R, EA BN TSI, 6
g 13 2R 3 E -SRI B/ 2 4 RBURIG AL
i

(3)A LT R sE Ve oM T S5 0 1 —
AR, MIANSHON By ci/cw~ pHlcw 1l tang /F,
AT — R 5T 2 AL 1 (tang /F) 5 558 51
[cuwo/( y, Htang)) ] Z 816 R e B, A Pdg il 41
M b SRES R R T ROk

SE -

[1] LA ROCHELLE P, TRAK B, TAVENAS F, et al. Failure of a
test embankment on a sensitive Champlain clay deposit[J].
Canadian Geotechnical Journal, 1974, 11(1): 142 - 164.

[2] ZHOU H, DIAO Y, ZHENG G, et al. Failure modes and
bearing capacity of strip footings on soft ground reinforced
by floating stone columns[J]. Acta Geotechnica, 2017, 12(5):
1089 - 1103.

[3]1 ZHENG G, YANG X, ZHOU H, et al. Numerical modeling of
progressive failure of rigid piles under embankment load[J].
Canadian Geotechnical Journal, 2019, 56(1): 23 - 34.

(4] & EME, KB, X575, & RER I BRI
SEVEPBVER PR MBI, 5 £ TR, 2018, 40(8): 1522
- 1527. (LEI Guo-hui, ZHANG Hui-min, LIU Fang-xue, et
al. Plasticity limit analysis of stability of embankment fill on
layered soft soil ground[J]. Chinese Journal of Geotechnical
Engineering, 2018, 40(8): 1522 - 1527. (in Chinese))

[5] LESHCHINSKY D, SMITH D S. Deep-seated failure of a
granular embankment over clay: stability analysis[J]. Soils
and Foundations, 1989, 29(3): 105 - 114.

[6] BAKER R. Determination of the critical slip surface in slope
stability computations[J]. International Journal for Numerical
and Analytical Methods in Geomechanics, 1980, 4(4): 333 -
359.

(Tidh: PMRIZD



